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57 ABSTRACT 

A power Semiconductor device according to the present 
invention has an SOI substrate formed of a buried silicon 
oxide film having an uneven Surface portion on the Surface 
thereof and an n-type Silicon active layer of low impurity 
concentration formed on the buried Silicon oxide film. An 
n-type emitter layer and a p-type emitter layer are Selectively 
formed in the Surface area of the n-type Silicon active layer. 
A cathode electrode and an anode electrode are respectively 
formed on the n-type emitter layer and p-type emitter layer. 
With the above structure, a power semiconductor device of 
high withstand Voltage can be realized. 

30 Claims, 16 Drawing Sheets 
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SILICON ON INSULATOR 
SEMCONDUCTOR DEVICE WITH 
INCREASED WITHSTAND VOLTAGE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a power Semiconductor 
device with SOI (Silicon On Insulator) structure. 

2. Discussion of the Background 
In recent years, integrated circuits (ICs) each having a 

large number of transistors and resistors which are con 
nected to make an electric circuit and integrated on one chip 
are widely used in important portions of computers or 
communication devices. Among the above ICs, an IC of a 
type containing a Semiconductor device with high withstand 
voltage (power Semiconductor device) is called a power IC. 

FIG. 1 is a cross sectional view showing the internal 
Structure of a conventional power Semiconductor device (pin 
diode) with SOI structure. 

In FIG. 1, a reference numeral 91 denotes a semiconduc 
tor Substrate, and an i-type semiconductor active layer (SOI 
semiconductor layer) 93 of low impurity concentration is 
formed above the semiconductor Substrate 91 with an insu 
lative film (SOI insulative film) 92 disposed therebetween. 
An n-type emitter layer 94 of high impurity concentration 

and a p-type emitter layer 95 of high impurity concentration 
are formed by diffusion in the surface area of the i-type 
semiconductor active layer 93. A cathode electrode 96 is 
formed on the n-type emitter layer 94 and an anode electrode 
97 is formed on the p-type emitter layer 95. 

According to the power Semiconductor device with the 
above structure, an applied voltage is shared (distributed) 
between the main body of the device and the insulative film 
92 and thus a voltage applied to the main body of the device 
is lowered So that a high withstand Voltage can be attained. 

However, this type of power Semiconductor device has 
the following problem. Since the voltage which the insula 
tive film 92 can share is limited, it becomes difficult to attain 
a higher withstand Voltage with the conventional Structure. 

SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is to provide 
a power Semiconductor device with a withstand Voltage 
higher than that of the conventional device. 

According to a first aspect of the present invention, there 
is provided a power Semiconductor device comprising a 
Substrate; an insulative film formed on the Substrate and 
having an uneven Surface portion on the Surface thereof, and 
a Semiconductor film formed on the uneven Surface portion 
of the insulative film; wherein the uneven Surface portion 
causes carrierS moving in the Semiconductor film to be 
trapped. 

According to a Second aspect of the present invention, 
there is provided a power Semiconductor device comprising 
a Substrate; an insulative film formed on the Substrate and 
having a plurality of chargeable floating electrodes buried 
therein; and a Semiconductor film formed on the insulative 
film; wherein each of the floating electrodes causes charges 
generated in the Semiconductor film to be injected therein. 

According to a third aspect of the present invention, there 
is provided a power Semiconductor device comprising a 
Substrate; an insulative film formed on the Substrate; and a 
Semiconductor film formed on the insulative film and con 
taining impurity, wherein the concentration profile of the 
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2 
impurity in the drift length direction in the drift region of the 
semiconductor film is defined in the form of letter “S”. 

According to the first aspect, Since carrierS moving in the 
Semiconductor film are Stored in the concave portions of the 
insulative film and the density of the electric field in the 
Semiconductor film is reduced, the withstand Voltage of a 
portion formed of the Semiconductor film is enhanced. 

According to the Second aspect, Since the density of the 
electric field in the semiconductor film is reduced by the 
charged electrode in the insulative film, the withstand volt 
age of a portion formed of the Semiconductor film is 
enhanced. 

Further, according to the study of the inventors of this 
application, it was proved that when the insulative film was 
thick (when the thickness of the insulative film was larger 
than the drift length of the Semiconductor film) in a case 
where a Substrate formed of the insulative film and the 
Semiconductor film formed on the insulative film was used, 
a uniform electric field was created in the drift if the 
concentration file of impurity in the drift length direction in 
the drift region of the semiconductor film was defined in the 
form of letter “S”, that is, there was no portion in which the 
electric field was partially increased and the withstand 
Voltage was lowered, and as a result, the withstand Voltage 
could be enhanced. 

Therefore, according to the third aspect based on the 
above knowledge, the withstand Voltage of a power Semi 
conductor device can be enhanced even when a thick 
insulative film (SOI insulative film) is used. 

Additional objects and advantages of the present inven 
tion will be set forth in the description which follows, and 
in part will be obvious from the description, or may be 
learned by practice of the present invention. The objects and 
advantages of the present invention may be realized and 
obtained by means of the instrumentalities and combinations 
particularly pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 
and constitute a part of the Specification, illustrate presently 
preferred embodiments of the present invention and, 
together with the general description given above and the 
detailed description of the preferred embodiments given 
below, Serve to explain the principles of the present inven 
tion in which: 

FIG. 1 is a cross sectional view showing the internal 
Structure of a conventional power Semiconductor device (pin 
diode); 

FIG. 2 is a croSS Sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a first embodiment of the present invention; 

FIG. 3 is a diagram showing the principle of the power 
semiconductor device shown in FIG. 2; 

FIG. 4 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a Second embodiment of the present invention; 

FIG. 5 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a third embodiment of the present invention; 

FIG. 6 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a fourth embodiment of the present invention; 

FIG. 7 is a cross sectional view showing the internal 
structure of a power semiconductor device (MOSFET) 
according to a fifth embodiment of the present invention; 
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FIG. 8 is a cross sectional view showing the internal 
structure of a power semiconductor device (IGBT) accord 
ing to a sixth embodiment of the present invention; 

FIG. 9 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (thyristor) 
according to a Seventh embodiment of the present invention; 

FIG. 10 is a plan view showing an uneven pattern of a 
buried silicon oxide film; 

FIG. 11 is a plan view showing another uneven pattern of 
a buried silicon oxide film; 

FIGS. 12A to 12E are cross sectional views showing 
uneven patterns of buried Silicon oxide films, 

FIG. 13 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to an eighth embodiment of the present invention; 

FIG. 14 is a diagram showing the principle of the power 
semiconductor device shown in FIG. 13; 

FIG. 15 is a diagram showing the distribution of electric 
field in a portion inside the device prior to occurrence of 
avalanche phenomenon; 

FIG. 16 is a diagram showing the distribution of electric 
field in a portion inside the device after occurrence of 
avalanche phenomenon; 

FIGS. 17A and 17B are diagrams for illustrating the result 
of measurement of withstand Voltage of the power Semicon 
ductor device shown in FIG. 13; 

FIG. 18 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a ninth embodiment of the present invention; 

FIG. 19 is a plan view showing the plane shape of the 
floating electrode, 

FIG. 20 is a plan view showing another plane shape of the 
floating electrode, 

FIG. 21 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a tenth embodiment of the present invention; 

FIG. 22 is a croSS Sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to an eleventh embodiment of the present inven 
tion; 

FIG. 23 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a twelfth embodiment of the present invention; 

FIG. 24 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a thirteenth embodiment of the present inven 
tion; 

FIG. 25 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a fourteenth embodiment of the present inven 
tion; 

FIG. 26 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a fifteenth embodiment of the present inven 
tion; 

FIG. 27 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a sixteenth embodiment of the present inven 
tion; 

FIG. 28 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a Seventeenth embodiment of the present 
invention; 
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4 
FIG. 29 is a cross sectional view showing the internal 

Structure of a power Semiconductor device (pin diode) 
according to an eighteenth embodiment of the present inven 
tion; 

FIG. 30 is a cross sectional view showing the internal 
structure of a power semiconductor device (MOSFET) 
according to a nineteenth embodiment of the present inven 
tion; 

FIG. 31 is a cross sectional view showing the internal 
structure of a power semiconductor device (IGBT) accord 
ing to a twentieth embodiment of the present invention; 

FIG. 32 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (thyristor) 
according to a twenty-first embodiment of the present inven 
tion; 

FIG. 33 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a twenty-Second embodiment of the present 
invention; 

FIG. 34 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a twenty-third embodiment of the present 
invention; 

FIG. 35 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a twenty-fourth embodiment of the present 
invention; 

FIG. 36 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a twenty-fifth embodiment of the present 
invention and an impurity profile thereof; 

FIG. 37 is a diagram showing the internal structure of a 
conventional power Semiconductor device and an impurity 
profile thereof; 

FIG. 38 is a diagram showing the distribution of electric 
field in the conventional power Semiconductor device shown 
in FIG. 37; 

FIG. 39 is a diagram showing the distribution of electric 
field in the power semiconductor device shown in FIG. 36; 

FIG. 40 is a diagram for illustrating the method of 
deriving an adequate impurity concentration profile when 
the buried insulative film is thick; 

FIG. 41 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a twenty-sixth embodiment of the present 
invention; 

FIG. 42 is a cross sectional view showing the internal 
structure of a power semiconductor device (MOSFET) 
according to a twenty-Seventh embodiment of the present 
invention; 

FIG. 43 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a twenty-eighth embodiment of the present 
invention; and 

FIG. 44 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a twenty-ninth embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

There will now be described embodiments of the present 
invention with reference to the accompanying drawings. 

FIG. 2 is a croSS Sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a first embodiment of the present invention. 
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In the drawing, a reference numeral 1 denotes a grounded 
silicon Substrate and a buried silicon oxide film (SOI insu 
lative film) 2 having an uneven Surface portion on the 
Surface thereof is formed on the silicon Substrate 1. An 
n-type silicon active layer (SOI semiconductor film) 3 of 
low impurity concentration is formed as an i-type layer 
(intrinsic layer) on the buried silicon oxide film 2. The 
buried Silicon oxide film 2 and the n-type Silicon active layer 
3 are combined to form an SOI Substrate. 

An n-type emitter layer 4 of high impurity concentration 
and a p-type emitter layer 5 of high impurity concentration 
are formed by diffusion in the Surface area of the n-type 
Silicon active layer 3 and the p-type emitter layer 5, n-type 
Silicon active layer 3 and n-type emitter layer 4 are com 
bined to construct a pin diode. 
A cathode electrode 6 is formed on the n-type emitter 

layer 4 and an anode electrode 7 is formed on the p-type 
emitter layer 5. 
When a positive Voltage is applied to the power Semicon 

ductor device with the above structure via the cathode 
electrode 6 and anode electrode 7, holes h" among the 
carriers (electronse and holesh”) in the device are trapped 
in the concave portions of the Surface of the buried Silicon 
oxide film 2 as shown in FIG. 3 since the silicon Substrate 
1 is grounded, and as a result, positive inversion layerS 8 are 
formed in the concave portions on the Surface of the buried 
silicon oxide film 2. 

Since the above inversion layer 8 acts to reduce the 
Strength of the electric field in the n-type Silicon active layer 
3, the electric field E in the n-type silicon active layer 3 
becomes weaker than the electric field E without inversion 
layer 8. The same phenomenon occurs in the n-type emitter 
layer 4. Therefore, since the density of electric field in the 
device becomes weaker, the withstand Voltage of the device 
can be increased accordingly in comparison with the con 
ventional case. 

As shown in FIG. 3, it is preferable that the depth d of the 
concave portion (the height of the convex portion) of the 
buried silicon oxide film 2 is set to be larger than 50 nm. By 
Setting d to the above value, it becomes possible to effec 
tively trap holes in the concave portions. Further, the thick 
neSS to of the buried Silicon oxide film 2 is Set to approx. 
4 um, for example. Further, it is preferable to Set the lateral 
widths W. and W of the concave portion and convex 
portion of the buried silicon oxide film 2 such that W, 
W<3t. The thickness t of the buried silicon oxide film 2 
is Set to approx. 4 um, for example. 
The buried silicon oxide film 2 may be a PSG (Phospho 

Silicate Glass) film, BPSG (Boron-Phospho-Silicate Glass) 
film or the like. 

The reason why the density of the electric field in the 
n-type Silicon active layer 3 is reduced is as follows: 

If the dielectric factors of the buried silicon oxide film 2 
and the n-type Silicon active layer 3 are e and es, the 
following equation can be obtained because of the continuity 
of the density of the electric field at the interface between the 
buried Silicon oxide film 2 and the n-type Silicon active layer 
3 when no inversion layer 8 is formed. 

(1) 

If the amount of charges caused on the convex Surface 
portions by the inversion layers 8 is Q (Q indicates an 
average on the interface between the buried Silicon oxide 
film 2 and the n-type silicon active layer 3), the right side of 
the equation (1) is changed to (eE-Q). 
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6 
Therefore, E in the left side, that is, the electric field in 

the n-type Silicon active layer 3 becomes weaker. 
AS described above, according to the first embodiment, 

the electric field in the Silicon active layer can be weakened 
by using the buried Silicon oxide film 2 having the uneven 
Surface portion on the Surface thereof, and a power Semi 
conductor device having a withstand Voltage higher than that 
of the conventional device can be attained. 

Further, Since the withstand Voltage is enhanced, the 
impurity concentration of the n-type Silicon active layer 3 
can be increased and the ON-resistance thereof can be 
lowered. 

FIG. 4 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a Second embodiment of the present invention. 
In the following drawings, portions which are the same as or 
correspond to those which are shown in FIGS. 1 to 3 are 
denoted by the same reference numerals and the detail 
explanation therefor may be omitted (this also applies to the 
Succeeding embodiments). 
The power semiconductor device of the second embodi 

ment is different from that of the first embodiment (FIG. 2) 
in that a buried Silicon oxide layer 2a having an uneven 
Surface portion on the Surface thereof is also formed on the 
upper Surface of the n-type Silicon active layer 3. According 
to the second embodiment, the density of electric field in the 
upper portion of the n-type Silicon active layer 3 can also be 
reduced and the withstand Voltage can be further enhanced. 
In this example, electrons will be trapped in the concave 
portions of the buried silicon oxide film 2a. 

FIG. 5 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a third embodiment of the present invention. 
The power semiconductor device of the third embodiment 

is different from that of the second embodiment (FIG. 4) in 
that a field plate 11 is formed on the buried silicon oxide 
layer 2a. According to the third embodiment, the intense 
electric field created on the cathode electrode 6 side can be 
alleviated by the field plate 11 and the intense electric field 
created on the anode electrode 7 side by forming the field 
plate 11 can be alleviated by the buried silicon oxide film 2a. 

FIG. 6 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a fourth embodiment of the present invention. 
The power semiconductor device of the fourth embodi 

ment is different from that of the second embodiment (FIG. 
4) in that the surface of a buried silicon oxide film 2b on the 
silicon Substrate 1 is made flat. If the buried silicon oxide 
layer 2b is made thick, a Sufficiently high withstand Voltage 
can be attained. In other words, if the buried silicon oxide 
film 2b is made thick, a Sufficiently high withstand Voltage 
can be attained only by use of the buried silicon oxide film 
2a. 

FIG. 7 is a cross sectional view showing the internal 
structure of a power semiconductor device (MOSFET) 
according to a fifth embodiment of the present invention. 

In the first embodiment (FIG. 2), the buried silicon oxide 
film according to the present invention is applied to the pin 
diode, but in the fifth embodiment, it is applied to a MOS 
field effect transistor (MOSFET). In this case, as shown in 
FIG. 7, an n-type drain layer 31 and a p-type well layer 32 
are formed in the Surface area of an n-type Silicon active 
layer 3. Further, an n-type source layer 33 is formed in the 
Surface area of the p-type well layer 32. Further, a drain 
electrode 34 is formed on the n-type drain layer 31, and a 
Source electrode 35 is formed on the p-type well layer 32 and 
n-type source layer 33. A gate electrode 36 is formed on the 
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n-type Source layer 33, the p-type well layer 32, and n-type 
silicon active layer 3 via a gate oxide film 37. 
With the above structure, like the case of the first 

embodiment, the density of the electric field in the device 
can be lowered and a MOSFET whose withstand voltage is 
higher than that of the conventional case can be obtained. 

FIG. 8 is a cross sectional view showing the internal 
structure of a power semiconductor device (IGBT) accord 
ing to a sixth embodiment of the present invention. 

In the first embodiment (FIG. 2), the buried silicon oxide 
film according to the present invention is applied to the pin 
diode, but in the Sixth embodiment, it is applied to an 
insulative gate type bipolar transistor (IGBT). In this case, as 
shown in FIG. 8, an n-type buffer layer 38 and a p-type well 
layer 32 are formed in the Surface area of an n-type Silicon 
active layer 3. Further, a p-type emitter layer 39 is formed in 
the surface area of the n-type buffer layer 38, and an n-type 
Source layer 33 is formed in the Surface area of the p-type 
well layer 32. Further, a drain electrode 34 is formed on the 
p-type emitter layer 39, and a source electrode 35 is formed 
on the p-type well layer 32 and n-type Source layer 33. A 
gate electrode 36 is formed on the n-type source layer 33, the 
p-type well layer 32, and n-type Silicon active layer 3 via a 
gate oxide film 37. 
With the above structure, like the case of the first 

embodiment, the density of the electric field in the device 
can be lowered and an IGBT whose withstand voltage is 
higher than that of the conventional case can be obtained. 

FIG. 9 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (thyristor) 
according to a Seventh embodiment of the present invention. 

In the first embodiment (FIG. 2), the buried silicon oxide 
film according to the present invention is applied to the pin 
diode, but in the Seventh embodiment, it is applied to a 
thyristor. In this case, as shown in FIG. 9, an n-type buffer 
layer 38 and a p-type base layer 40 are formed in the surface 
area of an n-type Silicon active layer 3. Further, a p-type 
emitter layer 39 is formed in the surface area of the n-type 
buffer layer 38, and an n-type source layer 33 is formed in 
the surface area of the p-type base layer 40. Further, a drain 
electrode 34 is formed on the p-type emitter layer 39, and a 
Source electrode 41 is formed on the p-type base layer 40 
and n-type Source layer 33. Agate electrode 36 is formed on 
the n-type Source layer 33, the p-type base layer 40, and 
n-type silicon active layer 3 via a gate oxide film 37. In the 
driving operation, a Switching circuit having a different gate 
42 shown in FIG. 9 is connected to the Source electrode 41, 
for example. 
With the above structure, like the case of the first 

embodiment, the density of the electric field in the device 
can be lowered and a thyristor whose withstand Voltage is 
higher than that of the conventional case can be obtained. 

FIGS. 10 and 11 are plan views showing uneven patterns 
of buried silicon oxide films 2, used in the first to seventh 
embodiments. 

FIG. 10 shows an example of the uneven pattern having 
concave portions with a circular plane shape and FIG. 11 
shows an example of the uneven pattern having concave 
portions with a Square (polygonal) plane shape. The above 
uneven patterns can be easily formed by use of the known 
photolithographic technique, or etching technique. 

FIGS. 12A to 12E are cross sectional views showing 
uneven patterns of buried Silicon oxide film 2, used in the 
first to seventh embodiments. FIG. 12A shows an example 
of the uneven pattern having concave portions with an 
inversely tapered croSS Section, FIG. 12B shows an example 
of the uneven pattern having concave portions with a 
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triangular croSS Section, FIG. 12C shows an example of the 
uneven pattern having convex portions with a tapered croSS 
section, FIG. 12D shows an example of the uneven pattern 
having concave portions with a trapezoidal croSS Section, 
and FIG. 12E shows an example of the uneven pattern 
having an uneven Surface portion with an irregular croSS 
Section. 

FIG. 13 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to an eighth embodiment of the present invention. 
The power semiconductor device of the eighth embodi 

ment is different from that of the first embodiment (FIG. 2) 
in that floating electrodes 9 are formed in the buried silicon 
oxide layer 2. In other words, in the eighth embodiment, the 
buried silicon oxide film 2 having the floating electrodes 9 
buried therein is used. 
When a Voltage is applied to the power Semiconductor 

device with the above Structure and is gradually raised, an 
avalanche phenomenon occurs to produce electrons e and 
holes h" by an intense electric field created in the device 
when the voltage reaches a certain level as shown in FIG. 14. 
The holesh" are injected into the floating electrodes 9 via the 
buried Silicon oxide film 2 on the same principle as in the 
case of the EPROM so that the floating electrode 9 will be 
positively charged. As a result, the density of the electric 
field in the device can be lowered. 

FIG. 15 shows the distribution of the electric field in a 
portion inside the device prior to occurrence of the ava 
lanche phenomenon and FIG. 16 shows the distribution of 
electric field in a portion inside the device after occurrence 
of the avalanche phenomenon. E2 is the electric field in the 
silicon oxide film 2 and E3 is the electric field in the n-type 
silicon active layer 3 in both FIGS. 15 and 16. If the amount 
of charges Stored in the floating electrode 9 is Q, the electric 
field in the n-type Silicon active layer 3 after occurrence of 
the avalanche phenomenon is reduced by an amount corre 
sponding to Q/e). That is, if the avalanche phenomenon 
occurs, the area of the n-type Silicon active layer 3 indicated 
by oblique lines in FIG. 15 is reduced by an amount 
corresponding to Q/e as shown in FIG. 16. Even if a Voltage 
of the same level as before is applied in a portion of the 
n-type Silicon active layer 3 corresponding to a portion of the 
charged floating electrode 9 into which holes are injected, no 
avalanche phenomenon occurs. That is, if the floating elec 
trode 9 has charges Stored therein, a portion in which the 
avalanche phenomenon has occurred in the device is Stored 
and the charges Stored in the floating electrode 9 act to 
prevent occurrence of the avalanche phenomenon in the 
portion even when the Voltage is applied. 

In the eighth embodiment, a pulse Voltage or a Voltage 
which is gradually raised is applied to the power Semicon 
ductor device before device operation to cause an avalanche 
phenomenon in the n-type Silicon active layer 3 and charge 
required ones of the plurality of floating electrodes 9 So as 
to realize a power Semiconductor device with a high with 
Stand Voltage. 

In order to effectively charge the floating electrodes 9, it 
is preferable to Set the distance d from the Surface of the 
buried silicon oxide film 2 to the surface of the floating 
electrode 9 in the range of 200 nmddid5 nm as shown in 
FIG. 14. Further, if the thickness of the buried silicon oxide 
film 2 is t, it is preferable to set the vertical width d of 
the floating electrode 9 in the range of d-t/2. Further, the 
lateral width W of the floating electrode 9 is preferably set 
to be smaller than the drift length (the distance between the 
n-type emitter layer 4 and the p-type emitter layer 5) and the 
interval W between the floating electrodes 9 is preferably 
Set in the range of W3t. 
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FIGS. 17A and 17B are diagrams for illustrating the result 
of computer simulation result of the withstand Voltage of the 
power Semiconductor device. In FIG. 17A, a graph indicat 
ing the relation between charges of the floating electrode 9 
and the withstand Voltage is shown. AS is understood from 
the graph, the withstand Voltage can be increased as the 
interval W between the floating electrodes 9 is made 
Smaller. At this time, the thickness to of the buried Silicon 
oxide film 2 is set to 2 um. In FIG. 17B, data of the withstand 
Voltage values obtained when the thickness to of the buried 
silicon oxide film 2 and the interval W between the floating 
electrodes 9 are changed is shown. AS is understood from the 
data, the withstand Voltage can be increased as the thickneSS 
t of the buried silicon oxide film 2 is made larger. 

FIG. 18 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a ninth embodiment of the present invention. 
The power semiconductor device of the ninth embodi 

ment is different from that of the eighth embodiment (FIG. 
13) in that the distanced between the surface of the floating 
electrode 9 and the surface of the buried silicon oxide layer 
2 is set to 5 nm or less. That is, in the ninth embodiment, the 
floating electrode 9 is formed extremely close to the surface 
of the buried silicon oxide film 2 and holes are injected into 
the floating electrodes 9 not by the avalanche phenomenon 
but by the tunnel effect. In this case, if the direction of the 
electric field in the n-type silicon layer 3 and the buried 
Silicon oxide film 2 is reversed, electrones are injected into 
the electrodes 9 by the tunnel effect. 
When the floating electrode is charged up or discharged, 

it is possible to minutely control the charge amount of the 
floating electrode by biasing the Substrate potential in the 
same manner as in the case of the control gate of EEPROM. 
That is, the charge amount of the floating electrode is 
minutely adjusted by respectively providing variable power 
Supplies for the Substrate, cathode electrode and anode 
electrode So as to independently control the Substrate 
potential, cathode electrode potential and anode electrode 
potential, and controlling the variable power Supplies So as 
to increase the potential difference between the Substrate and 
the cathode electrode and the potential difference between 
the Substrate and the anode electrode and reduce the poten 
tial difference between the cathode electrode and the anode 
electrode. 

FIGS. 19 and 20 are plan views showing the plane shapes 
of the floating electrodes used in the eighth and ninth 
embodiments. 

FIG. 19 shows an example of the floating electrodes 9 
with a circular plane shape. In this case, the directivity of the 
electric field is lost and there is no portion in which the 
electric field is concentrated. Further, FIG. 20 shows an 
example of the floating electrodes 9 with a Square 
(polygonal) plane shape. In this case, since the number of 
floating electrodes for each unit area can be increased, the 
density of the electric field in the device can be effectively 
lowered. In this case, it is possible to use floating electrodes 
9 of stripe form. 

FIG. 21 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a tenth embodiment of the present invention. 
The power semiconductor device of the tenth embodiment 

is different from that of the eighth embodiment (FIG. 13) in 
that a Silicon oxide layer 2a having floating electrodes 9a 
buried therein is formed on the n-type silicon active layer 3. 
According to the tenth embodiment, the density of the 
electric field in the upper-Side portion of the n-type Silicon 
active layer 3 can be effectively lowered. 
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FIG. 22 is a croSS Sectional view showing the internal 

Structure of a power Semiconductor device (pin diode) 
according to an eleventh embodiment of the present inven 
tion. 
The power semiconductor device of the eleventh embodi 

ment is different from that of the tenth embodiment (FIG. 
21) in that no floating electrode is formed in the buried 
silicon oxide film 2. If the buried silicon oxide film 2b is 
thick, a Sufficiently high withstand Voltage is obtained. In 
other words, if the buried silicon oxide film 2 is thick, a 
sufficiently high withstand voltage is obtained only by use of 
the buried silicon oxide film 2a. 

FIGS. 23 to 25 are cross sectional views showing the 
internal structures of power Semiconductor devices (pin 
diodes) according to twelfth to fourteenth embodiments of 
the present invention. The power Semiconductor devices of 
FIGS. 23 to 25 are obtained by reducing the thicknesses of 
the n-type Silicon active layerS 3 of the power Semiconductor 
devices of FIGS. 13, 21 and 22. 

FIGS. 26 to 29 are cross sectional views showing the 
internal structures of power Semiconductor devices (pin 
diodes) according to fifteenth to eighteenth embodiments of 
the present invention. The power Semiconductor devices of 
FIGS. 26 to 29 are obtained by forming upper electrodes 12 
on the respective buried silicon oxide films 2a of the power 
semiconductor devices of FIGS. 21, 22, 24, 25. According to 
the fifteenth to eighteenth embodiments, the charge amount 
of the floating electrode 9a can be minutely controlled by a 
Voltage applied to the upper electrode 12. Further, by 
connecting the upper electrode 12 to the cathode electrode 6 
or anode electrode 7, an influence by the electric field in the 
upper portion of the device can be alleviated. 

FIG. 30 is a croSS Sectional view showing the internal 
structure of a power semiconductor device (MOSFET) 
according to a nineteenth embodiment of the present inven 
tion. 

In the eighth embodiment (FIG. 13), the buried silicon 
oxide film according to the present invention is applied to 
the pin diode, but in the nineteenth embodiment, it is applied 
to a MOSFET. In this case, as shown in FIG. 30, an n-type 
drain layer 31 and a p-type well layer 32 are formed in the 
Surface area of an n-type Silicon active layer 3. Further, an 
n-type Source layer 33 is formed in the Surface area of the 
p-type well layer 32. Further, a drain electrode 34 is formed 
on the n-type drain layer 31, and a source electrode 35 is 
formed on the p-type well layer 32 and n-type Source layer 
33. A gate electrode 36 is formed on the n-type source layer 
33, the p-type well layer 32, and n-type Silicon active layer 
3 via a gate oxide film 37. 

With the above structure, like the case of the first and 
eighth embodiments, the density of the electric field in the 
device can be lowered and a MOSFET whose withstand 
Voltage is higher than that of the conventional case can be 
obtained. 

FIG. 31 is a cross sectional view showing the internal 
structure of a power semiconductor device (IGBT) accord 
ing to a twentieth embodiment of the present invention. 

In the eighth embodiment (FIG. 13), the buried silicon 
oxide film according to the present invention is applied to 
the pin diode, but in the twentieth embodiment, it is applied 
to an IGBT. In this case, as shown in FIG. 31, an n-type 
buffer layer 38 and a p-type well layer 32 are formed in the 
Surface area of an n-type Silicon active layer 3. Further, a 
p-type emitter layer 39 is formed in the Surface area of the 
n-type buffer layer 38 and an n-type source layer 33 is 
formed in the surface area of the p-type well layer 32. 
Further, a drain electrode 34 is formed on the p-type emitter 
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layer 39, and a source electrode 35 is formed on the p-type 
well layer 32 and n-type source layer 33. A gate electrode 36 
is formed on the n-type Source layer 33, the p-type well layer 
32, and n-type silicon active layer 3 via a gate oxide film 37. 

With the above structure, like the case of the eighth 
embodiment, the density of electric field in the device can be 
lowered and an IGBT whose withstand voltage is higher 
than that of the conventional case can be obtained. 

FIG. 32 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (thyristor) 
according to a twenty-first embodiment of the present inven 
tion. 

In the eighth embodiment (FIG. 13), the buried silicon 
oxide film according to the present invention is applied to 
the pin diode, but in the twenty-first embodiment, it is 
applied to a thyristor. In this case, as shown in FIG. 32, an 
n-type buffer layer 38 and a p-type base layer 40 are formed 
in the Surface area of an n-type Silicon active layer 3. 
Further, a p-type emitter layer 39 is formed in the surface 
area of the n-type buffer layer 38 and an n-type Source layer 
33 is formed in the surface area of the p-type base layer 40. 
Further, a drain electrode 34 is formed on the p-type emitter 
layer 39, and a source electrode 41 is formed on the p-type 
base layer 40 and n-type source layer 33. Agate electrode 36 
is formed on the n-type Source layer 33, the p-type base layer 
40, and n-type silicon active layer 3 via a gate oxide film 37. 
In the driving operation, a Switching circuit having a dif 
ferent gate 42 shown in FIG. 32 is connected to the source 
electrode 41, for example. 

With the above structure, like the case of the eighth 
embodiment, the density of the electric field in the device 
can be lowered and a thyristor whose withstand Voltage is 
higher than that of the conventional case can be obtained. 

FIG. 33 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a twenty-Second embodiment of the present 
invention. 

The power Semiconductor device of the twenty-Second 
embodiment is different from that of the eighth embodiment 
(FIG. 13) in that an ion-implanted layer 13 formed by 
implanting metal ions Such as Au into the Surface portion of 
the n-type Silicon active layer is used instead of the floating 
electrode. The ion-implanted layer 13 functions as a charged 
floating electrode, and therefore, the same effect as that 
obtained by use of the floating electrode can be attained. 

FIG. 34 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a twenty-third embodiment of the present 
invention. 

The power semiconductor device of the twenty-third 
embodiment is different from that of the twenty-second 
embodiment (FIG. 33) in that discrete ion-implanted layers 
13 are formed by partially implanting metal ions. In the 
twenty-third embodiment, Since two adjacent ion-implanted 
layers 13 are isolated from each other by an oxide film, holes 
trapped in the ion-implanted layer 13 will not move into the 
adjacent ion-implanted layer 13, thereby making it possible 
to prevent occurrence of a leak current. 

FIG. 35 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a twenty-fourth embodiment of the present 
invention. 

The power semiconductor device of the twenty-fourth 
embodiment is different from that of the twenty-second 
embodiment (FIG. 33) in that a silicon oxide film 2a having 
an ion-implanted layer 13a formed therein is formed on the 
upper Surface of the n-type Silicon active layer 3. According 
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to the twenty-fourth embodiment, the density of the electric 
field in the upper portion of the n-type Silicon active layer3 
can be made Small and the withstand Voltage can be further 
enhanced. If the buried silicon oxide film 2 is thick, the ion 
implanted layer of the buried silicon oxide film 2 may be 
omitted. 

FIG. 36 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a twenty-fifth embodiment of the present 
invention. 

In FIG. 36, a reference Symbol 2 indicates a thick 
buried insulative film with a thickness of approx. 1 to several 
hundred um formed of quartz glass. That is, the thickness of 
the buried silicon oxide film 2 is Substantially the same as 
the drift length D (the length of the n-type silicon active 
layer 3 of a portion except the n-type emitter layer 4 and 
p-type emitter layer 5) of the device. 
The feature of the twenty-fifth embodiment is that the 

impurity concentration profile of the i-type Silicon active 
layer 3i of high resistance in the drift length direction is 
formed Such that the p-type impurity concentration becomes 
increasingly greater in the direction of the p-type emitter and 
the n-type concentration becomes increasingly greater in the 
direction of the n-type emitter. This arrangement of impu 
rities results in an impurity concentration profile Such as that 
shown in FIG. 36. This profile resembles a tangent function. 
For the Sake of Simplicity, and Since there is a Single 
inflection point near the X-axis, the shape of the impurity 
profile function described above and shown in FIG. 36 can 
be described as being S-shaped. Preferably, a portion of 
approx. /10 to /3 of the i-type Silicon active layer 3i is formed 
as a p-type region. That is, a region ranging from the position 
“0” to the position approx. D/10 to D/2 is formed as a p-type 
region in the form of letter “S”. 

FIG. 39 is a diagram showing the distribution of electric 
field in the i-type silicon active layer (drift layer) 3i of the 
twenty-fifth embodiment. In FIG. 39, a reference symbol P4 
indicates the position of an n-type emitter layer 4, and a 
reference symbol P5 indicates the position of a p-type 
emitter layer 5. As is understood from FIG. 39, the electric 
field in the i-type Silicon active layer 3i is Ec and constant 
and there is no portion in which the withstand Voltage is 
partially lowered. 

FIG. 37 is a diagram showing the internal structure of a 
conventional power Semiconductor device and an impurity 
concentration profile thereof. That is, FIG. 37 shows an 
n-type impurity concentration profile in the internal Structure 
in which the drift length is sufficiently larger than the 
thickness of the buried silicon oxide film 2. The n-type 
impurity concentration profile is defined in a linear form 
Such that the n-type impurity concentration will become 
higher in a portion nearer to the n-type emitter layer 4. The 
electric field created when the n-type impurity concentration 
profile is applied to an n-type Silicon active layer of a power 
Semiconductor device having a thick buried Silicon oxide 
film as in the twenty-fifth embodiment is shown in FIG. 38. 
From FIG. 38, it is understood that the electric field 

abruptly rises at both ends of the n-type Silicon active layer 
(drift layer) and a portion in which the withstand Voltage is 
partially lowered is present. If there is a portion having a low 
withstand Voltage, the withstand Voltage of the device is 
extremely lowered and a high withstand Voltage cannot be 
obtained. The fact that the withstand voltage is lowered if the 
conventional linear impurity concentration profile is used in 
a case where the buried silicon oxide film is thick (when the 
thickness and the drift length of the buried silicon oxide film 
are Substantially the same as each other) and a Sufficiently 
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high withstand Voltage can be attained if the impurity 
concentration profile in the form of letter “S” in the twenty 
fifth embodiment is used is a new fact which the inventors 
found. 

FIG. 40 is a diagram for illustrating the method of 5 
deriving an impurity concentration profile of a Silicon active 
layer 3, when the buried insulative film 2 is thick. 
A voltage in the silicon active layer 3, is set as the fixed 

boundary condition, an electric field E(x) having a constant 
potential in the horizontal direction is applied to the Silicon 
active layer 3, and the distribution of the electric field in 
the device is derived by use of an analytical method, device 
Simulation or computer program for Solving the Poisson 
equation, for example. If the electric field perpendicular to 
the interface between the buried insulative film 2 and the 
silicon active layer 3, is set to Ev(x), an optimum impurity 
concentration profile N(x) is obtained as follows. 

where e indicates a dielectric factor of the buried insulative 
film 2, q indicates an elementary charge, and t indicates 
the thickness of the silicon active layer 3, If N(x) is 
negative, it is a p type, and if the N(x) is positive, it is an in 
type. 

According to the method of the twenty-fifth embodiment, 
an optimum impurity profile can be mathematically derived 
even if the shape of the buried insulative film 2 is 
complicated or the device is formed in a 3-dimensional 
form. 

In the twenty-fifth embodiment, a case wherein the buried 
insulative film is thick is explained, but even when the 
insulative film is thin, the optimum profile of high resistance 
layer takes a form of letter “S” close to a straight line. If the 
thickness of the insulative film exceeds /25 of the drift layer 
length, the curve of “S” becomes steep and it is preferable 
to set the profile in the form of letter “S” for the withstand 
voltage. Further, in the twenty-fifth embodiment, the buried 
insulative film according to the present invention is applied 
to the pin diode, but a high withstand Voltage can be attained 
when it is applied to a MOSFET, IGBT, or thyristor. 

FIG. 41 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a twenty-sixth embodiment of the present 
invention with a thick insulative film 2. 

The power semiconductor device of the twenty-sixth 
embodiment is different from that of the twenty-fifth 
embodiment (FIG. 36) in that multi-stage field plates 14, 
14, are formed on an i-type Silicon active layer 3i. The field 
plate 14, is a floating field plate which is not connected to 
the cathode electrode 6, and the field plate 14, is a floating 
field plate which is connected to the anode electrode 7. 
Further, the adjacent field plates are isolated from each other 
by a corresponding one of insulative films 15. 
When the field plate is formed of metal, the field plate 14 

and the i-type Silicon active layer 3i are connected by 
Schottky junction or the field plate 14, is connected to the 
i-type silicon active layer 3i via a diffusion layer. If it is 
connected via the diffusion layer, it is preferable to connect 
the field plate 14 in a region of high n-type impurity 
concentration on the cathode electrode 4 side to the i-type 
Silicon active layer 3i via an n-type diffusion layer and 
connect the field plate 14 in a region of high p-type 
impurity concentration on the anode electrode 5 side to the 
i-type Silicon active layer 3i via a p-type diffusion layer. 

Further, if the field plate is formed of polysilicon, the field 
plate 14 and the i-type Silicon active layer 3i are directly 
connected to each other or the field plate 14 is connected 
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to the i-type Silicon active layer 3i via a polysilicon layer. 
Like the former case, if it is connected via a diffusion layer, 
it is preferable to connect the field plate 14 on the cathode 
electrode 4 side to the i-type Silicon active layer 3i via an 
n-type diffusion layer and connect the field plate 14 on the 
anode electrode 5 side to the i-type silicon active layer 3i via 
a p-type diffusion layer. 
According to the twenty-sixth embodiment, the withstand 

voltage can be further increased by the field plates 14, 14. 
Since the withstand Voltage can be enhanced, the impurity 
concentration of the i-type Silicon active layer 3i can be 
made higher and the ON Voltage (ON-resistance) can be 
lowered. 

FIG. 42 is a cross sectional view showing the internal 
structure of a power semiconductor device (MOSFET) 
according to a twenty-Seventh embodiment of the present 
invention. 
The twenty-seventh embodiment is an example in which 

a plurality of MOSFETs serially connected are formed on 
i-type Silicon active layerS 3i formed on a thick buried 
silicon oxide film 2. Each of the MOSFETs is constructed 
by an n-type Source layer 16 of high impurity concentration 
Selectively formed in the Surface area of a p-type emitter 
layer 5 (which is a p-type emitter layer as a p-type well layer 
in this example), an n-type drain layer 17 Selectively formed 
in the Surface area of the i-type Silicon active layer 3i, a 
p-type emitter layer (p-type well layer) 5 between the n-type 
drain layer 17 and the n-type Source layer 16, and a gate 
electrode 19 formed in an insulative film 15 on the i-type 
silicon active layer 3i. In this case, the insulative film 15 is 
formed of a thin insulative film used as a gate insulative film 
and a thick insulative film covering the gate electrode 19. 

In the conventional SOI Substrate, Since the buried Silicon 
oxide film is relatively thin, a high withstand Voltage cannot 
be obtained if devices are Serially connected without giving 
any particular attention. On the other hand, when the buried 
Silicon oxide film is thick, a high withstand Voltage can be 
attained by making the impurity concentration of the i-type 
Silicon active layer Sufficiently Small even if devices are 
Serially connected. However, in this case, a problem that the 
ON Voltage becomes high occurs. 

In contrast, in the case of the twenty-Seventh embodiment, 
the withstand Voltage is increased by the impurity concen 
tration profile in the form of letter “S” and charges caused 
when the i-type Silicon active layer 3i is depleted can be 
canceled by the field plates 14, 14. Therefore, according 
to the twenty-Seventh embodiment, Since the impurity con 
centration of the i-type Silicon active layer 3i can be made 
high even when the thick buried silicon oxide film 2 is 
used, both the high withstand voltage and the low ON 
Voltage can be Simultaneously attained. 

FIG. 43 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a twenty-eighth embodiment of the present 
invention. 
The power Semiconductor device of the twenty-eighth 

embodiment is different from that of the twenty-fifth 
embodiment (FIG. 36) in that a long field plate 14, is formed 
on the insulative film 15 with an insulative film 21 of 
insulative material (for example, air) other than the oxide 
disposed therebetween. When the buried silicon oxide film 
2 is thick, concentration of the electric field occurs in a 
wide range in the conventional power Semiconductor device. 
That is, concentration of the electric field occurs not only in 
the i-type Silicon active layer 3i but in a portion near the 
n-type emitter layer 4 and p-type emitter layer 5. Further, 
even if concentration of the electric field does not occur, 
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most part of the i-type Silicon active layer 3i which is an 
n-type Silicon layer of low impurity concentration becomes 
p-type. 

However, in the twenty-eighth embodiment, concentra 
tion of the electric field in a region ranging from the i-type 
Silicon active layer 3i to the n-type emitter layer 4 can be 
effectively prevented by formation of the long field plate 14, 
and the whole portion of the i-type Silicon active layer 3ican 
be made of n type. If the i-type Silicon active layer 3i can be 
held as an n-type region, formation of the MOSFET can be 
Simplified. 

FIG. 44 is a cross sectional view showing the internal 
Structure of a power Semiconductor device (pin diode) 
according to a twenty-ninth embodiment of the present 
invention with a thick insulative film 2. 

The power semiconductor device of the twenty-ninth 
embodiment is different from that of the twenty-eigth 
embodiment (FIG. 43) in that a longer field plate 14, is 
used. That is, in the twenty-ninth embodiment, the longer 
field plate 14, extending from the n-type emitter layer 4 to 
the p-type emitter layer 5 is used. By using the longer field 
plate 14, concentration of the electric field can be more 
effectively prevented and the i-type silicon active layer 3i 
can be more effectively held as an n-type region. 

The present invention is not limited to the embodiments 
described above. For example, in the above embodiments, 
cases wherein the pin diode, MOSFET, IGBT (Insulated 
Gate Bipolar Transistor), and thyristor are used as the power 
Semiconductor devices are explained, but the present inven 
tion can be effectively applied to another power Semicon 
ductor device such as a lateral IEGT (Injection Enhanced 
insulated Gate bipolar Transistor). Further, the present 
invention can be variously modified without departing from 
the technical Scope thereof. 
AS described above, according to the present invention, 

the density of the electric field in the semiconductor film can 
be made low by using an insulative film having an uneven 
Surface portion on the Surface thereof (first aspect) or an 
insulative film having a charged electrode buried therein and 
Set in an electrically floating State (second aspect), and the 
withstand Voltage of the power Semiconductor device can be 
increased in comparison with that of the conventional case. 

Further, according to the present invention (third aspect), 
the withstand Voltage of the power Semiconductor device 
can be increased in comparison with that of the conventional 
case by forming the impurity concentration profile in the 
form of letter “S” even when a thick insulative film is used 
as an insulative film used for forming the Substrate. 

Additional advantages and modifications will readily 
occur to those skilled in the art. Therefore, the present 
invention in its broader aspects is not limited to the Specific 
details, representative devices, and illustrated examples 
shown and described herein. Accordingly, various modifi 
cations may be made without departing from the Spirit or 
Scope of the general inventive concept as defined by the 
appended claims and their equivalents. 
What is claimed is: 
1. A power Semiconductor device comprising: 
a Substrate; 
a first insulative film formed on Said Substrate and having 

an uneven Surface portion composed of a plurality of 
concave and convex portions on the Surface thereof; 
and 

an active layer formed on the uneven Surface portion of 
said first insulative film; 

wherein carrierS moving in Said active layer are trapped 
by Said plurality of concave and convex portions of the 
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uneven Surface portion of Said first insulative film, 
thereby causing an electric field in Said active layer to 
be weaker than an electric field in Said first insulative 
film, resulting in higher withstand Voltage of Said 
power Semiconductor device. 

2. A power Semiconductor device according to claim 1, 
wherein the depth of each of Said concave portions of Said 
first insulative film is larger than 50 nm. 

3. A power Semiconductor device according to claim 1, 
wherein the lateral width of each of the concave portions of 
said first insulative film is Smaller than three times the 
thickness measured from a top Surface of each convex 
portion to a bottom surface of said first insulative film. 

4. A power Semiconductor device according to claim 3, 
wherein the lateral width of each of convex portions of said 
first insulative film is Smaller than three times the thickness 
measured from a top Surface of each convex portion to a 
bottom Surface of Said first insulative film. 

5. A power Semiconductor device according to claim 3, 
wherein the power Semiconductor device is a pin diode. 

6. A power Semiconductor device according to claim 1, 
which further comprises a Second insulative film formed on 
Said active layer and having Substantially the same shape as 
Said first insulative film and in which carrierS moving in Said 
active layer are trapped by a plurality of concave and convex 
portions of the uneven Surface portion of Said Second 
insulative film, wherein Said concave portions of the Second 
insulative film are in contact with Said active layer. 

7. A power Semiconductor device according to claim 6, 
further comprising a field plate formed on Said Second 
insulative film, for alleviating intense electric field created in 
Said active layer. 

8. A power Semiconductor device comprising: 
a Substrate; 
an insulative film formed on Said Substrate and having a 

plurality of chargeable floating electrodes buried 
therein; and 

an active layer formed on Said insulative film; 
wherein the distance between a top Surface of each of Said 

plurality of floating electrodes and a top Surface of Said 
insulative film is fixed Such that carriers can be injected 
from Said active layer into Said plurality of floating 
electrodes by tunnel effect. 

9. A power Semiconductor device according to claim 8, 
wherein a distance from Said active layer to Said plurality of 
floating electrodes is larger than 5 nm and Smaller than 200 

. 

10. A power Semiconductor device according to claim 8, 
wherein the vertical width of each of said plurality of 
floating electrodes is Smaller than half the thickness of Said 
insulative film. 

11. A power Semiconductor device according to claim 8, 
wherein the lateral width of each of said plurality of floating 
electrodes is Smaller than the lateral width of said active 
layer. 

12. A power Semiconductor device according to claim 11, 
wherein the interval between two of said plurality of floating 
electrodes is Smaller than three times the thickness of Said 
insulative film. 

13. A power Semiconductor device according to claim 11, 
wherein charges in Said active layer are generated by ava 
lanche phenomenon. 

14. A power Semiconductor device according to claim 11, 
wherein a distance from Said active layer to Said plurality of 
floating electrodes is Smaller than 5 nm. 

15. An insulative gate type bipolar transistor comprising: 
a Substrate; 



6,049,109 
17 

an insulative film formed on Said Substrate and having a 
plurality of chargeable floating electrodes buried 
therein; and 

an active layer formed on Said insulative film; 
wherein the distance between a top Surface of each of Said 

plurality of floating electrodes and a top Surface of Said 
insulative film is fixed Such that carriers can be injected 
from Said active layer into Said plurality of floating 
electrodes by tunnel effect. 

16. A thyristor comprising: 
a Substrate; 
an insulative film formed on Said Substrate and having a 

plurality of chargeable floating electrodes buried 
therein; and 

an active layer formed on Said insulative film; 
wherein the distance between a top Surface of each of Said 

plurality of floating electrodes and a top Surface of Said 
insulative film is fixed Such that carriers can be injected 
from Said active layer into Said plurality of floating 
electrodes by tunnel effect. 

17. A power Semiconductor device comprising: 
a Substrate; 
a first insulative film formed on Said Substrate; and 
an active layer formed on Said first insulative film and 

having a drift region formed of a first conductivity type 
region and a Second conductivity type region disposed 
adjacent to Said first conductivity type region, Said drift 
region extending between electrodes of Said device; 

wherein the concentration of the first conductivity type 
impurity in Said first conductivity type region gradually 
decreases as a function of position in a drift length 
direction to a first position where a conductivity type of 
Said drift region changes and the concentration of the 
Second conductivity type impurity in the Second con 
ductivity type region gradually increases as a function 
of position in Said drift length direction, and a gradient 
of Said concentration in Said Second conductivity type 
region increases as a function of position in Said drift 
length direction from Said first position. 

18. A power Semiconductor device according to claim 17, 
wherein the thickness of Said first insulative film is not 
Smaller than the drift length of Said active layer. 

19. A power semiconductor device according to claim 17, 
wherein the thickness of said first insulative film is Suffi 
ciently larger than the thickness of Said active layer. 

20. A power Semiconductor device according to claim 19, 
further comprising: 

a Second insulative film formed on Said active layer; and 
a field plate formed on Said Second insulative film, for 

alleviating the intense electric field created in Said 
active layer. 

21. An MOS field effect transistor comprising: 
a Substrate; 
an insulative film formed on Said Substrate, and 
an active layer formed on Said insulative film and having 

a drift region formed of a first conductivity type region 
and a Second conductivity type region disposed adja 
cent to Said first conductivity type region, Said drift 
region extending between electrodes of Said device; 

wherein the concentration of the first conductivity type 
impurity in Said first conductivity type region gradually 
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decreases as a function of position in a drift length 
direction to a first position where a conductivity type of 
Said drift region changes and the concentration of the 
Second conductivity type impurity in the Second con 
ductivity type region gradually increases as a function 
of position in Said drift length direction, and a gradient 
of Said concentration in Said Second conductivity type 
region increases as a function of position in Said drift 
length direction from Said first position. 

22. A power Semiconductor device comprising: 
a Substrate; 
a first insulative film formed on Said Substrate and having 

an uneven Surface portion composed of a plurality of 
concave and convex portions on the Surface thereof, a 
depth of each concave portion of Said first insulative 
film being Substantially larger than 50 nm and a lateral 
width of each of Said plurality of concave and convex 
portions being Substantially Smaller than three times the 
thickness measured from a top Surface of each convex 
portion to a bottom Surface of Said first insulative film; 
and 

an active layer formed on the uneven Surface portion of 
said first insulative film; 

wherein carrierS moving in Said active layer are trapped 
by Said plurality of concave and convex portions of the 
uneven Surface portion of Said first insulative film. 

23. A power Semiconductor device according to claim 22, 
wherein the trapping of the carriers causes an electric field 
in Said active layer to be weaker than an electric field in Said 
first insulative film, resulting in higher withstand Voltage of 
Said power Semiconductor device. 

24. A power Semiconductor device comprising: 
a Substrate; 
a first insulative film formed on Said Substrate and having 

an uneven Surface portion composed of a plurality of 
concave and convex portions on the Surface thereof; 

an active layer formed on the uneven Surface portion of 
said first insulative film; and 

first and Second electrodes formed on Said active layer; 
wherein Said plurality of concave and convex portions are 

arranged between Said first and Second electrodes and 
carrierS moving in Said active layer are trapped by Said 
plurality of concave and convex portions of the uneven 
Surface portion of Said first insulative film. 

25. A power Semiconductor device according to claim 24, 
wherein the trapping of the carriers causes an electric field 
in Said active layer to be weaker than an electric field in Said 
first insulative film, resulting in higher withstand Voltage of 
Said power Semiconductor device. 

26. A power Semiconductor device according to claim 24, 
wherein a depth of each concave portion of Said first 
insulative film is substantially larger than 50 nm and a lateral 
width of each of Said plurality of concave and convex 
portions is Substantially Smaller than three times the thick 
neSS measured from a top Surface of each convex portion to 
a bottom Surface of Said first insulative film. 

27. A power Semiconductor device comprising: 
a Substrate; 
a first insulative film formed on Said Substrate and having 

an uneven Surface portion composed of a plurality of 
concave and convex portions on the Surface thereof, a 
thickness measured from a bottom Surface of each 
concave portion to a bottom Surface of Said first insu 
lative film being Smaller than a thickneSS measured 
from a top Surface of each convex portion to the bottom 
Surface of Said first insulative film; and 



6,049,109 
19 

an active layer formed on the uneven Surface portion of 
said first insulative film; 

wherein carrierS moving in Said active layer are trapped 
by Said plurality of concave and convex portions of the 
uneven Surface portion of Said first insulative film. 

28. A power Semiconductor device according to claim 27, 
wherein the bottom Surface of Said first insulative film is 
substantially flat. 

29. A power Semiconductor device according to claim 27, 
wherein the trapping of the carriers causes an electric field 
in Said active layer to be weaker than an electric field in Said 

20 
first insulative film, resulting in higher withstand Voltage of 
Said power Semiconductor device. 

30. A power Semiconductor device according to claim 27, 
wherein a depth of each concave portion of Said first 
insulative film is substantially larger than 50 nm and a lateral 
width of each of Said plurality of concave and convex 
portions is Substantially Smaller than three times the thick 
neSS measured from a top Surface of each convex portion to 
a bottom Surface of Said first insulative film. 


